ABSTRACT OBJECTIVES This study clarified the characteristics of intrarenal Doppler ultrasonography (IRD) profiles and their prognostic implications in heart failure (HF).
pathophysiology, and prognosis in both renal and cardiac disease (7) (8) (9) (10) (11) (12) (13) . In addition, intrarenal venous flow (IRVF) also can be visualized and has been studied mainly in assessment of urological diseases (14) (15) (16) (17) . Because IRVF depends on surrounding renal parenchymal histology as much as on right atrial function, the IRVF profile may be associated with renal congestion (15, 16) . To the best of our knowledge, IRD Among the inpatients, 103 underwent right heart catheterization for assessment of cardiovascular disease and also underwent IRD studies within 24 h before catheterization. In addition, 38 normal subjects without cardiovascular disease, hypertension, or diabetes were enrolled to determine the normal IRD profile. Ethical approval was obtained from the local institutional review committee, and all patients provided written informed consent.
IRD STUDY. IRD studies were followed by comprehensive echocardiographic examinations using a Vivid Therefore, VII was calculated as 1.0 in patients with discontinuous patterns. All measurements were averaged over 3 cardiac cycles during sinus rhythm. In patients with atrial fibrillation, an index beat, which was the beat following 2 preceding cardiac cycles of equal duration, was used for each measurement.
ECHOCARDIOGRAPHY. Comprehensive transthoracic echocardiography was performed according to published guidelines (18) . Right ventricular systolic function was assessed by the fractional area change ratio.
In patients with tricuspid regurgitation (TR), peak pressure gradients between the right ventricle and right atrium were measured. Degree of TR was evaluated in a comprehensive manner, using all available parameters based on published guidelines (19) . Iida et al.
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RESULTS

CHARACTERISTICS OF THE STUDY PARTICIPANTS.
Of the 224 patients, 7 patients (3.1%) were excluded because of inadequate IRD images. Finally, 217 patients and 38 normal control subjects were studied (Online Tables 2 and 3 ). In the control subjects, the Kaplan-Meier estimates of the time to endpoint between IRVF patterns are shown in Figure 2 . There were significant differences between IRVF patterns.
In addition, Kaplan-Meier estimates between continuous and discontinuous IVRF patterns based on the strata of RAP and HV-S/D criteria each are shown in Figure 3 . In each stratum, patients with a discontinuous IVRF pattern had poorer prognosis than those with a continuous IRVF pattern.
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Univariate and multivariate Cox proportional hazard model analyses are summarized in Table 3 . As shown in the multivariate Cox proportional hazard model, biphasic and monophasic flow patterns were associated with the endpoints independently of sodium and BNP levels.
REPRODUCIBILITY. Intra-and interobserver variability of RI and VII measurements were as follows:
RI: 3.8 AE 3.4 and 6.5 AE 4.3%, respectively; and VII:
5.6 AE 3.6 and 7.2 AE 4.4%, respectively. Classifications of IRVF patterns were completely consistent between intraobserver and interobserver assessments. IRD ¼ intrarenal Doppler ultrasound; other abbreviations as in Table 1 .
JACC: HEART FAILURE VOL. 4, NO. 8, 2016 Iida et al. Abbreviations as in Tables 1 and 2 .
Iida et al. STUDY LIMITATIONS. As shown in Table 2 , the determinants of IRD profiles were assessed in 2 models because catheterization studies were not performed in all subjects. The RAP was common as the determinant of IRVF, but some variables were different between the models. Therefore, this study might not conclude the determinants of IRD profiles other than RAP. In future, large-scale comprehensive clinical studies and basic experimental validation studies are needed to identify the determinants of IRD profiles.
In addition, as shown in Table 3 , the 95% CI of the hazard ratio for the IRVF in the multivariate Cox proportional hazard model was wide, which meant a low event rate in our study. Therefore, the ability of and basic research to make IRD a guide for HF therapy.
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